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INTRODUCTION 


This solutions manual provides worked-out answers to all problems appearing in 

Introduction to the Thermodynamics of Materials, 6th Edition, with the exception of some of the 
problems in Chapter 5 and Problem 9.7), which are included in the answer section in the back of 
the book. 


Complete solutions to all the new problems to the 6" edition are included and denoted by *. 


All solutions arc comprehensive, making this supplement a useful instructional tool for 
professors and students. 
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Problem 1.1* The plot of V = V (P, T) for a gas is shown in Fig. 1.1. Determine. 
the expressions of the two second derivatives of the volume of this plot. (note: the 
principle curvatures of the surface are proportional to these second derivatives). 


What are the signs of the curvatures? Explain. 


Solution: start with the defining equations of B+ and a. 


oV ; ! 
(Z) =-Vß, assuming ĝ, is constant 
T 


OP 

J I 
And = BV > 0 
Ë 1 


OV . i 
— | =Va assuming @ 1s constant 
F 


2 
(= =aV>0 
oT x 


Since all terms in the expressions are positive (V, a? and B2), both principle 


curvatures are positive. The surface is convex. 
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Problem 1.2* The expression for the total derivative of V with respect to the 


dependent variables P and T is : 


av =( >) ap «| aT 
OP J, ôT ), 


Substitute the values of a and Br obtained Qualitative Problem 2 into this equation 


and obtain the equation of state for an ideal gas. 


Solution 


dV =-B,VdP + aV dT 


dV = _V aps4svar 
P T 


InV+c,=—InP+c,+InT +c, 
PV = (constant): T 


The constant is nR for n moles of the ideal gas. 


https://gioumeh.com/product/introduction-to-the-thermodynamics-—of-materials—6th-edition-gaskell-solutions-—manual/ 


Problem 1.3* The pressure temperature phase diagram (Fig. 1.4) has no two phase 
areas (only two phase curves), but the temperature composition diagram of Fig. 1.5 


does have two phase areas. Explain. 
Solution 
This must be due to the number of components in each system: The system displayed 


in Fig. 1.4 is unary and that in Fig. 1.5 is a binary. We will see more on this later in 


the text. 
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a 
Problem 1.4* Calculate the value of the ratio —— for an ideal gas in terms of its 
T 


volume. 
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2.1__An ideal oa at 300 K has a volume of 15 liters at a 8 (all of 15 atm. Calculate cli the 
eaving the system, e change in the internal energy an e change in the 
enthalpy when the gas undergoes 
a, areversible isothermal expansion to a pressure of 10 atm, 


b, areversible adiabatic expansion to a pressure of 10 atm, 


The constant volume molar heat capacity of the gas, c,, has the value 1.5 R. 


Slajd, Pv ene | he xf 2 ? Z2saof/zr, 
O.0§ 2055300 


isotherme Onpansion ty Shale 2. Fr Bly <h ee 2 228 


= 300K 
adalat txperiian fom (Pe / tp shales. 
A I, 
py = £= = Vy 7 = oi? aE PIR 


73 = h w /X5/9⁄2 s 285K 
AR 9.) x OMS2GE 


A) Mi thtf pad YOM itm 

1) Ú = 242.8 < 

2) = £= WRIA = 91px fee x St x e BE = gask T 
Z) gewe Mei J 

4) 27= 2 .: WE 

5) 47= 2 S sE 2 


j) adiapait Z baper 


s) Wg = 19138 

2) Wa = LUE -ny G- D) -IIg v/£x big = (28 — 500) 
= ~ 

3) UF 


4) AZz — w = - 5⁄2 7 
£) 2#= n%(5-Z) = 7.245 pus =—Z⁄2 2: ` 
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a, A doubling of its volume at constant pressure, 


b, then a doubling of its pressure at constant volume, 
c, thena return to the initial state along the path P = 6.643 x 104V? + 0.6667. 


Calculate the heat and work effects which occur during each of the three processes. 


V, = 4 = OLIEN]? =, 224 €. 


7 / 

A /—2; Ke axtage ppi; = /Xf£f = S96 C 

0206 
by 223; BEIL fe 246 7 = KIFE > 092k 
0.0§206 
12; WE PLA) = //Z#.f£—2z.#) = 20. balm = 22707 
AVE néy(-) = Eud hgp (516-273) = 3406 7” 

= 4- .. WE BIOS FALIO = SEIS T 

273; Wee Fág, = Ẹx LIAA (1092-546) = LIIT 


gol) owe jm- [Cana Vp 0.0667) W 
z gee 5] < 0.6667 [=h] 
= sini F 224 = 46.87] f 0. $667 ye 22-9 ~ 96-6) 
= p Lahn = = 227/ T 


Ave ÉRI ~79) s 4 x G3/4b« (273-1092) = — /e2/z JO 
£ z Ar = -/Z2/Z— 2277 = ~ 13492 7” 


Wrong, = 2270 = B27f = ~ /zz# JT 
f TOTAL = ÍS p EPLI ~ 13¢92 = ~100F§ T 
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: 7 ] and is then cooled at constant 
pressure to the volume V. This volume is such that a reversible adiabatic compression to a 
pressure of 1 atm returns the system to its initial state. All of the changes of state are 
conducted reversibly. Calculate the value of V and the total work done on or by the gas. 


= P0327 mer 


ye LY; M Zx / 
RT b.0§ 206 x 377 


18othttimal Le pafin 7 h=V , $ = 2.5 atm 
V2. 


Lon than (pf lute Cone plesiia. x” Safe Z at Whi theo 
Ky £ 
pu" a Aly? o v= 1.5477 GE 482. 


=> 2 " / 
/—< 25 We “t © OOIIX§. 399x379 xt 2 = 7037" 


2-73, We FUG-V) z OS[152~2) = - 622 Zate = -2457 


9  We~M = = nay (5-2 ) 
= =Z. 222 £ x PIAF (973-262) 
cm 27./ J 
Wray, © 70.3 - S= 37) = PIT 
WOE dare by Ze pas 
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eae of 300 K. 34166 J of heat are transferred to the gas, as a resu 


i i rsible. 
gas expands and does 1216 J of work against its surroundings. The process 1s reve 
Calculate the final temperature of the gas. 


AU = #-#⁄ = 34/66 —/alb T 


w" 


32950 J 


= mey (72 _ 77) 
2x £ v 83144 (Tz ~ 300) 
1620 K, 


w 


x 
M 


https://gioumeh.com/product/introduction-to-the-thermodynamics-of-materials-6th-edition-gaskell-solutions-manual/ 


ined at 273 K and a pressure of 1 atm. The addition of 3000 J 


expansion. Calculate (i) the state of the gas, 
change of state and (iii) the values of c, and cp for N2. Assume that nitrogen behaves as 
an ideal gas, and that the above change of state is conducted reversibly. 


/) y = RII = bOF206% 273 > 22.9%. 
” / 
W= G82 = PIV)» dIt = (Wy -22.4) x 1/92 
0.08206 
1. 14 = 30.6) £ 


7, = Pr = /x 32. é/ = 373K 
R 0.48206 


AUF Jowa 3006—32 = 27 @ J 
o WIhn-T) = Wee 
cyr 2⁄7 T) r/mole, K. 


y) 


£ = AH = 3000 = Sp (71-7) = 102 O 
an dod FO T/mole. K. 
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2.6 10 moles of ideal gas, in 
following cycle. 


a a reversible change of state along a straight line path on the P—V diagram to the 
state P = 1 atm, T = 300 K, 


b areversible isobaric compression to V = 24.6 liters, and 


c areversible constant volume process to P = 10 atm. 


How much work is done on or by the system during the cycle? Is this work done on the 
system or by the system? 


ne 10 Peril Z 2500 V = Lx 0082UxI0 Q 29,62 Z 
| /ó 


a) /—z &=/ hze Gzh = 246.24 


w= area below the f 
P we = [4[0-1 34.2 — 29.4 


Ç + / 2 - 2) #32 T 
= +1234 kT 
j) 2— 3 = / Wye 2462 


we P(6-6) 2 '(24.6~ 2462) > 101.22 
æ — 22.£ kT 


_ /23,¢- 228 2 1009 AT 
Hone by the gas 
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2.7 One mole of an id s 


a An isothermal expansion to 0.5 atm, followed by, 


b an isobaric expansion to 100°C, followed by 


an isothermal compression to 1 atm, followed by 


d an isobaric compression to 25°C. 


The system then undergoes the following reversible cyclic process. 
a An isobaric expansion to 100°C, followed by 
b a decrease in pressure at constant volume to the pressure P atm, followed by 
c an isobaric compression at P atm to 24.5 liters, followed by | 


d anincrease in opressure at constant volume to 1 atm. 


Calculate the value of P which makes the work done on the gas during the first cycle 
equal to the work done by the gas during the second cycle. 


T, = 290 Le) WF 220/726XxZ7f = 14.452 

Furst cycle, 

/—2 a5 296 Ros, lyr W, = VEIL 
We RTA He > f 37225 299 yb Z = IUII 

4-3 Ge 379 #z2⁄ We = OO$2066%37F7 o Z¿Z2 Z 
wr P (Vy ~¥2) 2 OS (6127 — ae 10,32 = 624 I 

B+ 4 Tg 873 ye Í Ng © OO$LOERI7F o ge £ 

/ 


WE RIG = S594 6 379 dbdg e D189 
f#—/ NWE Pig) © 1029-98 -30.6)) vlog. = = E247 


SLcond Cycle, 


/ — 2 = , 722373, Ú, = Z #fz2e£= 379 = ZZ ZZ 


í = P/&>-w6)= 1 (Z, Z = ZZ£)/e/.z2 = G24T 
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2:7. wnload cop ons (all chapter 1 to 15 ) click here. 


2473 Arzo Wap 
£ — #. V4 = 24.5 fg oP 
We P2465 -306 )x/0002 = -— 6/9 PT 


: "eh eyele = 7 Wapd egele 


1917 + Ef — 2180 - 64 = —62¢ + €? /. 
P= 0.3 a. 
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Problem 2.8* One mole of a monatomic ideal gas at standard temperature and 
pressure (STP) undergoes the following three processes: 

1. at constant Pressure the Temperature is doubled. 

2. at constant Temperature the Pressure is doubled 


3. the gas is returned to STP via constant volume process 


Calculate AU, AH, q and w for each of the steps. 


Solution 
First calculate the values of T, V and P at the states A, B and C. 


Step 1 


T V P 

A T, V P, 
B 2T, 2V, P, 
C 2T, V, 2P 


Step 1 A >B 


AU, =C,AT =C,(2T, -T,) =C,T, 
w, = PAV = P,(2V, —V,)= PV, = RT, 
q, = AU +w=C,T, +RT, = (C, + R)T, 


Step 2 BDC 
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AU; AC Apa Q OF 9730 
maf RTs gy =2RT Ai “EE = DRT, In £ = -2RT, In(2) 
B 


q, =w =—2RT, In(2) 
Step 3 CDA 
AU, =C,AT =C, (1, —2T,) =—-C,T, 


w = fy av = 0 since Ve =V, 


q; = AU; = —CyT, 


Thus we see that for the entire process: 


AU =CyT,+0-CyT, = 0 as it should for a state function 
> w,= RT, —2RT,1n(2) + 0 
> q, = (C, + R)T, —2RT, In(2) — C,T, = RT, — 2RT, In(2) 
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Problem 2.9* 


M _ constant C 


Paramagnetic salts often obey the Curie relation: T T 


Obtain an expression for the work needed to change the magnetization from 
M =0 to M = M of such a material. Assume that the field and the magnetization are 


parallel. 


Solution 


M; M, TM TM? H.M, 
w=] AVIAM =h, aV AM = V Germ a 


AM, 


From the equality w = 4V we see that to get to the same M at higher 


temperature, more work is needed. Temperature works against the ordering of the 


moments. 


H.M, 
From the equality w = V — — we also see that the work needed is the area under 


the linear # vs. M plot. 
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Problem 2.10 * One mole of a monatomic ideal gas is taken on the path AZ B > 
C >D >A as shown in Figure 2.7. 

(1) A> Bisa reversible isothermal expansion of the gas; 

(2) B > Cis a reversible adiabatic expansion of the gas; 

(3) C >D is a reversible isothermal compression of the gas 


(4) D > Aisa reversible adiabatic compression of the gas. 


a. Derive expressions for AU, q and w during each step in terms of Va, Vb, Ve, Va, ti, 


t2 cv and R. Determine the sign of each. 


b. Determine the values of X(wi), > (qi) and > (AUj) in terms of Va, Vb, Vc, Va, ti, t2 


and R. Determine the sign of each. 


pressure —— 


ad b c 
volume —b> 


Figure 2.7 
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Solution 


()A>B AU, =0; w, =q,= Rt, In) >0 


(QBOC  q,= 90; AU,=c,(t,-t,) <0; —w, =AU, sow, > 0 


(3)C>D AU, =0; w, =q, = Ren) <0 


(D—A q,= 0; AU, =c (t,-t)> 0 -w,=AU, sow, < 0 


SUM > w, = Rt, In) + Rt, In) >0 


a c 


V V 
_=Rt,In(—2) + Rt, In(—)>0 
Y q, =Rt, G + Ri) 


AU =0 
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Problem 2.11 * 

The change in enthalpy when one mole of solid water (ice) is melted at 

273 K is 6008 J. 

a. Calculate the change in enthalpy when ice is melted at 298 K. Is this process 
possible at 1 atm? 

b. Calculate the change in enthalpy when supercooled water solidifies at 260 K. 


c. Sketch the H vs. T plot for both solid and liquid water. 


For this problem take the heat capacity of liquid water to be 75.44 J/k and that of solid 
water to be 38 J/K over the range in temperatures of the problem. The enthalpy of 


liquid water at 298 K may be set equal to zero. 


Solution: 


a. 
Hi o(T)=f ced — AH, + | car 
= 75.44(273— 298) — 6008 + 38(T — 273) J 
= ~7894 + 38(T — 273) J 
Hi (T) =|, car =75.44(T —298) J 
Thus 
AH „ = H"(298) — H° (298) 
= 0 —(-7894) + 38 - (298 — 273) 
= 6944 J. 


Yes, ice can be superheated 


AH sion = H° (260) — H“ (260) 

H“ (260) = 75.44(260 — 298) = -2866.72 

H (260) = —7894 + 38((260 — 273) = —8388 
AH sion = (8388) — (—2866.72) = -5521.28 J 


fusion 
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